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Effects of Coix Straw Cultivation Substrate on Amino Acid Composition
and Nutritional Value in Grifola frondosa

ZHOU lJiajia', ZHOU Yu', LIU Bo', WEI Gonghao®*, DONG Shibiao®, SU Rongrong', LONG Shengwei""
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Abstract: To rationally utilize the resources of Coix straw, this study designed different ratios of Coix straw formulations to
cultivate Grifola frondosa, comparatively analyzed the differences among agronomic indices, protein and crude
polysaccharide content of different formulations, and analyzed the composition and content of amino acids of G. frondosa
on the based on the current international amino acid pattern profile using the amino acid score (AAS), amino acid ratio
(RAA), ratio coefficient of amino acid (RC), chemistry score (CS), essential amino acid index (EAAI), biological valence
(BV), and nutritional index (NI) for the comprehensive evaluation of protein nutrition of G. frondosa. The results showed
that the relative biological conversion of formulation P3 (30% Coix straw, 10% cottonseed husk, 30% fine sawdust, 18%
bran, 5% cornmeal, 6% clay, and 1% gypsum) was increased to 31.25%=+1.02%. The protein content of 33.36 g/100 g was
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higher than that of the control group of 6.76 g/100 g. Evaluation of the nutritional value of AAS, RAA, RC, and CS showed
that the first limiting amino acid of G. frondosa was methionine (Met). The EAAI BV, and NI values of the P3 formulation
were 105.06, 102.82, and 35.05, respectively; all three index scores were better than those of the CK formulation, and the

values were better than those of the model protein. In conclusion, the amino acid distribution of G. frondosa cultivated by

formula P3 was balanced, with high nutritional value and prospects for healthy food development. The present study was

conducted to provide a theoretical basis for the efficient cultivation of high-quality G. frondosa with Coix straw and the

necessary methods for efficient resource utilization of Coix straw.

Key words: Grifola frondosa; Coix straw; amino acid analysis; comprehensive evaluation
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ASALAE . AL TT 100 4%, A% K 400 g, T
121 °C FHEKEHRFKE 2 h, BATCH b, BE)GE
AP, B IR 30 g, BRI I I AR R
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Table 1 Different cultivation formulas and ratios of G.frondosa

i BURAT Mk dIARE Bk Bk RE AF

(%) (%) %) (% (%) (%) (%)
CK 0 10 60 18 5 6 1
P1 10 10 50 18 5 6 1
P2 20 10 40 18 5 6 1
P3 30 10 30 18 5 6 1
P4 40 10 20 18 5 6 1
P5 50 10 10 18 5 6 1
P6 60 10 0 18 5 6 1

HY 5 A B 22 T AR H g8 SR R AT A B, TR
BELRIFAE 18~20 °C, I ELREFAE 85%~90%, CO, 14
B B HIAE 0.2% LA, o B SR 52 45 ] 76 300~
500 Lx.

PRI AERE ity >R B T 12 AR AN IR AR 15 e 5 =R
BEAL T L HORE, B 30 220 1 AR EE A, D
D7 RAE 3 DN EESE, WARSITE 55 °C HAR LT



- 54 - £ Tl B4

2025 4F 6 A

FE TR AR .

1.2.2 $8FRINETT 7%

1.2.2.1 RAFEARZHARMIZE AR ES Bl 7 BEHL

10 #FF A AR AE , FFHUEAR R RANZE 505 R

FRRIRAAEAR 2RI E , I A2 FEAm 73 ) R oA 227648

B la] . FECiRNAE . RS . T, FEF AR A e

FeAbER, BIARXT A= 24 5 A 38 (Y% ) = (M B B 25 /A 4

TR > 100,

1.2.2.2 JRAAEE SRR RS ENE: =

% GB 5009.5-2016E il & 4z [E SR iE B h 8

JE I RE ) A — IR B IC 8 SRk B . =55

NY/T 1676-2023 (B A HoAH 28000 2 Y iy 436
JERE

1.2.2.3 KAAEEIENR & Al 16 Fha ALl s .
Z7% GB 5009.124-2016 & &4 [ ZEbn it £
SEERIRE ) o

1.2.3  JRIAEE IRV Tk

1.2.3.1 ZHEMRA ST R T RFEPFN AN F]

FRIEHC T N IR AL IR LH 434514, 5| A Ts 2k
M2 (EAA) 55 2 LR (NEAA) 1Y HUAH A58 5 o

ARPEH A TAZHLU(WHO) FIER G E AR A LHZU(FAO)
F 1973 44 B AU E SR E EAA BRI,
# EAA/(EAA+NEAA)fHIL R 40% #2457, H EAA/
NEAA {HTE 60% LA by PAE ot o0

1.2.3.2 ZBREEMITAT ORI IENE P] 538 R

R IEMR (Sweet amino acid, SAA) | TR ILAL (Bitter
amino acid, BAA) . #f B & Jt /% ( Umami amino
acids, UAA) . 757 7 JE & F1R ( Aromatic amino acids,
AAA) . SAA FIIHENFRIZ Ala, 2224 1% Ser. H 2R
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Fig.1 Agronomic indexes of G.frondosa under different cultivation formulas

T AR/ NG PR AL B (0] 22 57 1 3% (P<0.05)
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Fig.2 Fruiting body of G.frondosa under different
cultivation formulas

100 g; ZHE S B & TARBEE T, i5 8.14 g/100 g.
TIFFE e HH A AEAE A R AL R TP SR A i X 85
TR ISR, PR = iR TP IR T BRIk,
DOARAN A6 A e ad R H X B SR Y SRR

2 AFEHIERCT T KR AEE TR 18R
Table 2 Nutritional indexes of G.frondosa under different
cultivation formulas

‘ fic s
£ % HH PlE
CK P3
EHFE(g/100g)  26.6£0.22  33.36x0.14"  —38.363  0.000
HEHETE(100g) 6304159  5.62+0.50 0.574  0.597

RN AL I ) 25 A B 3 (P<0.01), 3 [F]

23 RSB TRREP SERIN S BN
AT 43T P3 LT R CKBC 7 MR A6 22 7] 22 57

BRI SE IR AL 3, B 2 A BECTT v T R AR fE 22 5k

PRI 5 A o AT S, BTl 16 SR LR 53

£ P3 L7 1 CK Byt . 3 3 A4, 16 F
SRR I A 22 S, P3 E T AR 1Y A AR
16 FhaERR o A 28 = T CK Al )7 (P<0.01),
P3 f S AR Glu, KITTAZEIR Asp. 4HZ2 His.
SERR Leu FIN AR Ala &% F 1.5 /100 g,
HEBR Glu FREEE, b 3.1 g/100 g, X 5 Fioril
TAA [ 12.77%. 10.67%. 7.98%. 7.6% Fl1 7.03%,
X 5 FPEIERR & TAA Y 46.05%; CK Bt 7 s
R Glu, KITEAEMR Asp. HEMR His., 52& MR Leu
FINER Ala & EARE ) b & B il 5 2
g, AR Glu [FFE B & m & = KO,
2.39 g/100 g, iX 5 FPEFLRR & & TAA 19 47.27%.
UL A 22 Glu, RITTE 2R Asp. LHZ2 His. 5%
R Leu FINER Ala 2 KAE D 5 by 210 2 0k
iR, B et TAA 19 50%.

FHE 3 "I, P3 Fid 5 CK By Z [8], JRARAE
T S SR P e A PR 25 5 (P<0.01), HIY
FIH P3 BLA>CK Bl . EAA 5 TAA HWEAEL,
P3 fidJr = CK BT, 435329k 36.53% Fl 35.27%,
Erh i AT S PP SRR D, AN S AR Leu & T
EAA, VLK IE EAA 45 1053 BemAiG, £ p
A T B R IR A B . MRS ERAR AR P S AR o
B, P3 Tt J5Fl CK B )7 EAA/(EAA+NEAA) 53514
42.46% F1 41.37%, EAA/NEAA 4351k 73.8% Fl
70.57%, PIFPEE T AT S FAR R AR e ZH &3
1R bb s 2 B0, P3 HL #2375 T CK Bl 7 (P<0.01),
S 14.2 ¢/100 g, Hop & igde w19 5 Fhad St ie b, 25
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Table 3 Amino acid composition and content in G.frondosa under different cultivation formulas
HIERIY X & i Pl
HiE(g/100 g) HoH(%) i (g/100 g) BHo(%)
WAl 1.19+0.02 6.77+0.11 1.71£0.04™ 7.03£0.03 -15.101 0.000
225 Ser 0.94+0.005 5.35+0.03 1.31£0.02” 5.39+0.03 24373 0.000
R Leu 1.31+0.03 7.43%0.14 1.84+0.04™ 7.6£0.012 -15.119 0.000
PNRES 7O 1.79+0.01 10.18£0.08 2.59+0.05™ 10.67+0.03 -21.727 0.000
S Rlle 0.82:0.02 4.67+0.09 1.18+0.03" 4.85+0.02 -15.980 0.000
BRI Tyr 0.52+0.008 2.95+0.04 0.8+0.03" 3.310.07 -12.533 0.000
H#= MR Gly 1.04£0.03 5.92+0.17 1.38+0.03" 5.740.02 -13.279 0.000
AR Arg 0.96+0.02 5.43+0.09 1.45£0.04™ 5.99+0.04 -15.534 0.000
= fRHis 1.64+0.07 9.31+0.4 1.94+0.03" 7.98+0.08 —6.000 0.004
iR Val 1.040.02 5.92+0.08 1.48+0.03" 6.08+0.05 -16.510 0.000
it 2 Pro 0.92+0.04 5.24+0.22 1.12£0.03" 4.63+0.06 —6.255 0.003
IR Thr 0.93+0.01 5.3+0.039 1.35£0.03" 5.55+0.01 -19.366 0.000
KNS Phe 0.81+0.01 4.60+0.07 1.240.03" 4.96+0.003 -19.399 0.000
A MRMet 0.28+0.01 1.61+0.03 0.36£0.02" 1.48+0.06 ~4.904 0.008
HEMGlu 2.39+0.05 13.58+0.23 3.140.06™ 12.77+£0.03 -13.250 0.000
5 R Lys 1.01+0.02 5.75+0.09 1.46+0.03" 6.02+0.02 -16.750 0.000
BEKAMRTAA 17.62+40.35 - 2427051 - -18.200 0.000
Wi EILTREAA 6.22+0.1 - 8.87+0.2" - -16.708 0.000
TR A SERNEAA 8.81+0.05 - 12.01£0.25™ - -13.650 0.000
LT A SERCEAA 2.6+0.05 - 3.39+0.07" - -17.932 0.000
IR MAA 10.12+0.09 - 14.240.32" - -17.334 0.000
EAA/TAA - 35.27+0.45 - 36.53+0.06 - -
EAA/(EAA+NEAA) - 41.37+0.42 - 42.46£0.07 - -
EAA/NEAA - 70.57+1.22 - 73.840.2 - -
MAA/TAA - 57.44+0.33 - 58.49+0.09 - -
JHAESERRAT 3 Fl, 43500 8 28R Glu, K114 %R ol . S
Asp FIFEEIE Leu, 535 5 25 HE LR 53.07% Fil ~ g EEP3
54.30%. MEIERL SO BT, P3 E T A SRR S8
FH R T CK ity (P<0.01), 585311k 24.27 g/100 g Ef.f 6f *x
Fi1 17.62 g/100 g, ¥i& T25M 25 (Agrocybe aegerita) . ggé Al
i 85 B ( Pleurotus citrinopileatus Singer) . 4 &1 4% 4 ok
(Flammulina velutipes) . T %% (Lentinus edodes) . % ® o2 ﬂ
3k 4% ( Hericium erinaceus) . X3 B 4% ( Agaricus 0 . - - -
bisporus ) EIEIR DR, @“%W /%ﬁ;?& ‘%’%y’ B
2.4 TFEHHEEYS TRMTER SRERE S D
ARYE 2 R FE R AH L 4544, 1158 SAA. BAA. SRR

UAA Fil AAA BUE, 53 BT A0 AS TR AR B5 7 F b
TR RE IR R . S 2 A 5, 45 R ULE 3,

FHIE 3 T, AREHRBSEC T R AR 2 R a3k
iz BAA & 2 i, P3 ALY BAA S &0 945 g/
100 g, B i 35 v T CK AL )7 (P<0.01), 5 B & &
38.94%; AN[FEIHLIEHC T N IR AL IR SR T AAA
TR, CK Bt 7~ 1.53 g/100 g, #% KT P3
Bl 7 (P<0.01), (A& &MY 8.7%. P3 HlJT 4 FhiZk
SR S RN B S T CK BT (P<0.01), HIgER
P BAA>SAA>UAA>AAA,SAA+UAA>BAA. B
R BAA 5 ELEER, AHJETEPE A A6 IXUBR AR AE B,
AR EE SR E KR BAA VPMT, F B R B ST
M

B3 ARG ECTT E AN AL SR B R 4 S 5
Fig.3 Flavored amino acid composition and content
in G.frondosa under different cultivation formulas

T #* IR AL 7] 25 A B 3 (P<0.01) .

2.5 AFRIFBE G TRFTEHREBRKSEE BT

ANFIFRIEHECTT N IR AE 4 PRI R & g 22
53, ANAEA— VU IR AERURAFAE . SR RN
X IRAAE AU I TR S b8 B AHDG, PRk, SR
FH TAV XK A AL 4 i 22 ok S0 JE R JE A 743 Hr A Lk
B GERIE 4,

3% 4 AT, 76 P3 B J7 Al CK B J7 T KA 1E
H1 16 FREIFERR TAV (HE KT 1, P3 Ay H R
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Table 4 Amino acid TAV in G.frondosa under different
cultivation formulas

Kl o %f(ﬂgﬁzv
&R Ala 0.06 19.83 2850

2255 R Ser 0.15 6.27 8.73

FHR LR (SAA) HERRGly 0.13 8.00 10.62

JifiZ#2Pro 0.3 3.07 3.73

IR Thr 0.26 3.58 5.19

SR Leu 0.19 6.89 9.68

St Rle 0.09 9.11 13.11

R Val 0.04 26.00  37.00

WIREIEMR(BAA)  ZENZ K Phe 0.09 9.00 13.33
K%k Arg 0.05 1920 29.00

A RMet 0.03 9.33 12.00

2H %4k His 0.02 82.00  97.00

BRI (UAA) il‘?\%@i@*/&sp 0.1 1790  25.90
B HERGlu 0.03 79.67  103.33

S LR (AAA) %%ﬂi&jTyr 0.26 2.00 3.08
R Lys 0.05 2020  29.20

B E Y 5 Fha LR A 2418 Glu. ZH241% His. 424
i Val, $i2% Lys AU 2R Arg, JLP 4342 Glu
i, 35 103.33; 5 AR K 24 R Tyr, HAH M 3.08,

CK Fig 5 s 2R3 H Be i 1Y 5 PR & LR 4 &R His.
HHER Glu, AR Val, #IZ R Lys FINER Ala,
FoAr¢H &R His x5, 15 82.00; ek AW J& I & R
Tyr, HAE K 2.00. ZEG50 0T &, P3 FeJ7 AL

HAMR Glu ZERTTHRE R, H UAA P TAV {H2XT
HEECT A 1.32 5. BAA FZHEE His fxmr, ke
4R Val, 3X A AP B EH AN DT 1 RIE , 2% 07

ERAFAE U R IR (R AR Leu. SR e, ZETRE

fi# Phe. 5242 Arg FIEEZR Met) 1143, P3 Bl /7 F
CK Bl FH SAA Fll UAA i TAV S ==40510E BAA
B 2.41 f5F0 2.58 %,

38 18 FEAR S AT AN AEAS [R5 Ty S R S k1R
H S5 FT TAV (B, 455 & 3 SAA+UAA>BAA,
FEHAIRAAE 0 2 LR DA e SR 203 e o = o TR
LEBU IS E ), 2 B 1 DL SRR IR 2 3k 1 ol =,
B R IR AP WF ST A £ ok . BE K ¥E (Hypsizygus mar-
moreus) . Tl . XA 15 AL [R]RE A B = ik D ficf
FHIREIENR 3. T AT JCknd & FH R, Ha (3t
P A S R 2 iR Sl 3 o
26 ARFBESTERHMERLER
vax i}

IR AE 2R PSSR E R SR, BB TR
WAE T & s S SR A S . B FIZH i B 1], 3 2B A,
SRR, IR S5 ORE SRR L REIEC T . #RETEES n
TAEA I, R 5 KL 510075 2 508 o 2
FILR E 4. 5 FAO/WHO FrifEtisUiEs 7 L[ziﬁc
Sy BT & B0, P3 L 7 Al CK BR 7 K A 46 v 2R & iR

EBRAVE R K

Met &t PR TARAR A, SRR GHAT LRSS
BT & B, 73a1% Thr & i m TR E, Hofth JLFR
R A FEIR IR T AR AL EUE . TR LR B
GIHT, IR A TR 2 FE R & i T FAO/WHO #555(
FRUE(E, B TR AR . SR &, K
WAL RENS R AR T B 1T 2 IR, 8 T—Fp
JoT I R B R

K5 RMAE WA E AR A LB Y
Table 5 Composition and comparative analysis of essential
amino acids in G.frondosa

WA SRR (1) T 7 (%) FAO/WHO X4

WA

CK P3 Mt A
SRR Thr 53 5.55 4 5.1
AR Leu 7.43 7.59 7 8.8
SreaRlle 4.67 485 4 6.6
R Val 5.92 6.08 5 7.3
AR Met 1.61 1.48 35 55
RN R AT B2 Tyr+Phe 755 8.27 6 10
=R Lys 5.75 6.02 5.5 6.4
At 47.53 47.82 35 49.7

2.7 AEFIEE S T RNEHRREBRERNEITN
RYE IR S TR E IR, B[R] J7 (A
RIS AE A S I PR B IR E AR AR B O, 3R 6 AT,
P3 fCJ7 A CK B 7 KA TE 2 FEAR T3 AAS {EBR
AR Met #b, HAAFF ZFEIRI & T 100, UaB K
AP T S SR A LA B0 B IR O IE, (B
JE, NRefE N EZEFRY IR . M RAA. RC
1 SRC X KA AL P & JL 18 1 5 3= I (B T T P A,
P3 Bl 71 CK BT KB AE T 20 3% RC 1H 5351
£ 0.38~1.25, 0.43~1.24 2 [a], |5 & R Met /N T
0.5 &b, HA A TR FLmR I T 1, FRIARIFRETHC Ty
IR AEH L= TR Meto BRI, AT LLBLEA KA A6
FEEZIR Met 55— BRI EIENR . RNV ARFDY 1
6 KWLM LT AILIRE FRRHE BT

Table 6 Nutrition profile of essential amino acids
in G.frondosa

CK P3
ﬂ‘—*/—%ﬁk
AAS RAA RC CS AAS RAA RC CS
JVEERThr 132,50 1.33 1.24 108.67 138.75 1.39 1.25 113.10
tEMLeu  106.14 1.06 0.99 8829 108.43 1.08 0.97 89.64
SscdEMlle 11675 1.17 1.09 73.99 12125 121 1.09 76.37
AR Val 11840 1.18 1.10 84.80 121.60 1.22 1.09 86.56
HEARMet  46.00 046 043 30.61 4229 042 038 27.97
ST S R
Ag?ﬁﬁpﬁﬁm 12583 126 1.17 7895 137.83 1.38 124 85.95
#iZMLys  104.55 1.05 0.98 93.95 109.45 1.09 0.98 97.76
PR A 1 2 e Met Met
SRC 73.18 70.59
PDCAAS 33.58 30.87
EAAI 102.35 105.06
BV 99.86 102.82
NI 27.23 35.05
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2025 4F 6 A

FE MR ER Met KA AESE —BR il M 3L 1R .
P3 fic J7 A1 CK BE J7 KB 4+ SRCAE 533 2 70.59
M 73.18, P 225K, LA K A6 h oL 75 S S 1R
MG B, HOE SR E R M . T P3
FiC s IR A Hh SRR 5 i 2 (A 22 54k, HE RC (B
KA 1.25, Bx/A 0.38, fHi S RC AUAH T AR UE 2248
K, I3 SRC [HE/ . d@f FeER P3 Al )y Fil CK
P07 JRAAE T CS {8, CK BC )7 F1 P3 B J5 A 48 b
EH MR Met By CS {H N 30.61 Fl1 27.97, UL KB 4L
AR SR Met 25— BRI &L 1R, 5 RC {H 0 Hrdh
R,

X IRAGAE 2 LR ) EAAL, BV Fl1 NI i#£17 Lk
BT g5 R, P3 idJ5 EAAI{E= T CK B2,
FJFF 90, Ui BH K B 46 10 R 1 BT B SR I EL 800
BV {H[FFEE P3 B J5>CK B 75, BiH P3 B J7 4k 4%
R IRA AE AT A AR v CK By NI A 27.23, P3 Tid
J7 NI 4 35.05, XSy P3 Be s FH KA AE AR A B
HERSE, ITLAE SRR B o
3 4Hig

AT FE ST LA BIRS FE AN A E M B A AR 5 14
PRIRAEAR 2SR L BRI 5 o  ORH 220 e M 2 DR
25 5, R E P3 EC T Th & SRR A R B e T
CK HCJ7 (P<0.01) . Ui BHE EURS AR ARHR 43 K JE g
P& KA AT SR S IR & 1o 3l L ER AR ST AR
AR AR e 7 S RS IR IR LH A2 Al TAV {H, 45
REE SAA+UAA>BAA, BRI AE AR LR D fief
BHIR S IENR 3.l AT S MR IR AE g4y
B % B, AR A Hh BB R Met SR 25 — PR 4l #4403k

%. EAAL. BV 1 NI #({EH¥FRMH P3 fic /7>CK B
J7, HEUESACE L, BOBES IS S & SRS 1
SR FETFARE AL, HLR IR N = . 2P
PN FELTAEY) 2 —, B EFSFEEE & RE 5
IR, AT AE, I AR R SRS FEAR BT KA A6
AR BT A | P R82s ST 2 5%
PEIA KR, i H AL TR HIA 0 Mo )&, %
PETH T IRAAE B B . ARIFSE T ade FH R AR A6 PR
Fhep— | SR SRR AR LA B B R, X R
EURSFFBEL T N AR AL P AR A P Ts P B A TR
ABIGE, LB R S SRS T i sk v B AR A e 3
HSARYE, FH SRS FF O = RO IR AR FH R e 2

AL
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